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ABSTRACT 
The dissertation entitled "Interaction of transition metal ions with electron 
rich species" is comprised of two chapters. The first chapter describes a general 
introduction of the subject matter. The very relevant matters include: 
• a brief discussion on actinides and its hazardous impact in the water and soil 
• importance of actinides analysis 
• a brief description of various analytical techniques and its applications in the 
estimation of actinides in soil, sewage and natural waters 
• a description on process monitoring and validation 
• a detailed information on statistical treatment of calibration data in order to 
facilitate the selection of parameters which are relevant to the performance and 
suitability of the given analytical procedure. 
Now days, a variety of strict demands are posed by numerous international 
organizations namely Intemational Union of Pure and Applied Chemistry, International 
Laboratory Accreditation Conference, Western European Laboratory Accreditation 
Cooperation, Intemational Conference on Harmonisation, and International 
Organization for Standardization on analytical methods. The most important parameters 
for evaluation of method reliability and overall performances are as follows: 
• confirmation of identity of the analyte 
• solution stability 
• selectivity/ specificity 
• linearity 
i I g g ^ 
accuracy and precision 
limits of detection and quantitation 
recovery 
robustness/ruggedness 
equivalence testing 
An abundant and well-composed list of 46 references is given at the end of this chapter 
taken from the world's leading scientific journals in the field. 
The last chapter describes the spectrophotometric study of the interaction of 
uranium(VI) ion with meloxicam having oxygen donor atoms as keto-group. 
Uranium(VI) is present as uranyl ion U02''^ forming a chelate with meloxicam via P-
diketone moiety to produce a yellow coloured complex, which absorbs maximally at 
398 nm. The apparent formation constant and standard Gibbs free energy (AG) are 
calculated and found to be 3.91 x 10^  and - 31.91 KJ mol"', respectively. Beer's law is 
obeyed in the concentration range of 5 - 60 |ag/mL with apparent molar absorptivity and 
Sandell's sensitivity of 5.02 x lO'' L/mol/cm and 0.1 |ag/cm^/ 0.001 absorbance unit, 
respectively. The regression analysis yields the calibration equation: A = 1.140 x 10"'^  + 
9.98 xlO'^  C. The limits of detection and quantitation are 0.370 and 1.122 ^ig/mL, 
respectively. The method has been successfully applied for the determination of uranyl 
ion in synthetic mixture and soil samples. Results of analysis were statistically 
compared with those obtained by Currah's spectrophotometric method showing 
acceptable recovery and precision. 
-1 
GENERAL INTRODUCTION 
Inorganic analytical chemistry is a rapidly developing field of research at the 
interface of trace element analysis and analytical biochemistry, which targets the 
detection, identification, and characterization of complexes of metals and 
metalloids with molecules of natural or synthetic origin using different 
instrumentations [1-6]. Iron-containing haemoglobin, magnesium-containing 
chlorophyll and arsenic-containing arsenobetaine and arsenosugars have been the 
landmark "bioinorganic" compounds issued from the field of chemistry of natural 
products. 
The actinides at the bottom of the periodic table are known as the inner 
transition metals because they have atomic numbers that fall between the first and 
second elements in the last two rows of the transition metals. The actinides are 
complex elements. Interrupting the 6d transition elements in the last row of the 
periodic table, the actinides result as electrons fill the 5f orbitals. Compared with 
the 4f electrons in the lanthanide series, the 5f electrons extend farther from the 
nucleus and are relatively exposed [7,8]. Consequently, many actinides exhibit 
multiple oxidation states and form dozens of behaviourally distinct molecular 
species. To confound matters, the light actinides are likely to undergo 
reduction/oxidation (redox) reactions and thus may change their oxidation states 
under even the mildest of conditions. Uranium, neptunium, and plutonium display 
two or more oxidation states simultaneously in the same solution. Accordingly, the 
light actinides exhibit some of the richest and most involved chemistry in the 
periodic table. As a result, the chemical interactions of actinides in the 
environment are inordinately complex. To predict how an actinide might spread 
through the environment and how fast that transport might occur, we need to 
characterize all local conditions, including the nature of site-specific minerals. 
temperature and pressure profiles, and the local water's pH, redox potential, and 
ligand concentrations. There is also a need for quantitative knowledge of the 
competing geochemical processes that affect the actinide's behaviour. Precipitation 
and dissolution of actinide-bearing solids limit the upper actinide concentration in 
solution, while complexation and redox reactions determine the species 
distribution and stability. The interaction of a dissolved species with mineral and 
rock surfaces and/or colloids determines if and how it will migrate through the 
environment. Understanding this dynamic interplay between the actinides and the 
environment is critical for accurately assessing the feasibility of storing nuclear 
waste in geologic repositories. The actinides refer to the fourteen elements with 
atomic numbers 90 through 103 i.e. from thorium to lawrencium. The five 
actinides such as uranium, neptunium, plutonium, americium, and curium pose 
significant environmental concerns. The actinides are radioactive, long-lived, and 
highly toxic. Over the last few decades, vast quantities of transuranic actinides 
(those with atomic numbers greater than that of uranium) have been produced 
inside the fuel rods of commercial nuclear reactors. Currently, most spent fuel rods 
are stored above ground in interim storage facilities, but the plan in the United 
States and some European countries is to deposit this nuclear waste in repositories 
buried hundreds of meters underground. The Department of Energy (DOE) is 
studying the feasibility of building a repository for high-level waste in Yucca 
Mountain (Nevada) and has already licensed the Waste Isolation Pilot Plant 
(WIPP) in New Mexico as a repository for defense-related transuranic waste. Due 
to the actinides long half-lives, these repositories must isolate nuclear waste for 
tens of thousands of years. Over the course of millennia, however, it is possible 
that water seeping into a repository will eventually corrode the waste containers. 
The actinides will then have access to the environment. Research at Los Alamos 
has focused on characterizing the behaviour of actinides in the environments 
surrounding those repository sites. Only small amounts of transuranic elements are 
generally found in other environments. The solubility studies, for example, confirm 
that neptunium is more than a thousand times more soluble in Yucca Mountain 
waters than plutonium. That is because plutonium in those waters favours the IV 
oxidation state while neptunium favours the far more soluble V state. Thus, for 
Yucca Mountain, neptunium is the actinide of primary concern. WIPP, however, is 
built within in a geologically deep salt formation. In the extremely salty brines 
found there, the focus shifts to plutonium, since reactions with chloride ions are 
known to stabilize plutonium in the VI oxidation state. Plutonium(VI) species are 
much more soluble than Pu(IV) species, and plutonium mobility would be 
enhanced at WIPP unless a reducing environment can be maintained within or 
around the waste containers. Unfortunately, very few studies of actinide 
geochemistry can be conducted in situ, so that we are forced to simulate 
environmental conditions in the laboratory. The concentrations of the actinides in 
natural waters are on the order of 10"^  M or lower. While those concentrations are 
high enough to be of environmental concern and therefore, should be determined 
using different analytical techniques such as thin layer chromatography, 
gravimetry, titrimetry, fluorimetry, potentiometry, polarography, radiochemical 
methods, X-ray absorption fine structure spectroscopy, transmission electron 
microscopy, energy-dispersive X-ray spectroscopy, UV-visible spectrophotometry, 
derivative spectrophotometry, differential spectrophotometry and inductively 
coupled plasma-mass spectrometry. As an example. X-ray absorption spectroscopy 
has been used to determine uranium(VI) and thorium(IV) with 4,5-dihydroxy-3,5-
benzenedisulfonate at low and neutral pH values [9]. Uranium content of land 
waters in excess of 1 ppb (l|ig/L) is regarded as anomaly. The emission of a 
yellow-green fluorescence by uranium is the basis of fluorimetric determination 
and widely used for the determination of very small amounts of this element [10-
13]. Solid-phase extraction spectrophotometry has been recognized as an attractive 
technique for the enrichment of actinides of trace constituents. It has been used to 
determine uranium(VI) in natural waters [14]. Spectrophotometry is increasingly 
employed in process control owing to its simplicity, cost effectiveness and 
adaptability [15,16]. Uranium(VI) has been determined spectrophotometrically 
using 2-(2-thiazolylazo)-p-cresol [17], and arsenazo (III) [18]. A derivative 
spectrophotometric method has been reported for the determination of uranium in 
magnesium diuranate (yellow cake) [19]. Differential spectrophotometric method 
has been used to determine plutonium(Vl) [20]. A combination of extended X-ray 
absorption fine structure spectroscopy, transmission electron microscopy and 
energy-dispersive X-ray techniques have been utilized to analyze U(VI) [21-23]. 
Inductively coupled plasma-mass spectrometry (MS/ ICP-MS) is a high level 
analytical technique used to determine actinides [24-28]. Radiochemical methods 
are less attractive method of analysis because of the low specific activity of the 
principal isotopes but very much effective for the determination of actinides at 
lower concentration levels [29-32]. 
Oxidation states and redox behaviour 
Water is the dominant transport medium for most elements in the 
environment. Compared with the pH values and ionic strengths that can be 
obtained in the laboratory, most natural waters are relatively mild. They are having 
pH 5 to 9, with a wide range of redox potentials (from -300 to +500 mV) and low 
salinities (ionic strengths < 1 molai). The water conditions determine which 
actinide oxidation states predominate and which actinide species are stable. 
Because of intrinsic differences in redox potentials, each actinide will exhibit a 
different set of oxidation states for a given set of solution conditions. In contrast to 
plutonium, U(III) is unstable under most conditions and oxidizes easily to U(IV), 
while U(V) disproportionates easily to U(IV) and U(VI). Neptunium(III) and 
Np(VI) are on the edges of the water stability region and can exist only under 
strongly reducing or oxidizing conditions, respectively. Americium and curium 
will only be found in the +3 oxidation state under most conditions. Similarly, all 
actinides beyond curium are dominated by the lanthanide-like trivalent oxidation 
state. As a rule of thumb, we expect to find U(V1), Np(V), Pu(IV), Am(III), and 
Cm(III) as the prevalent oxidation states in most ocean or groundwater 
environments. But in other aqueous environments, including streams, brines, or 
bogs, U(IV), Np(IV), and Pu(IIl,V,VI) are also common and likely to be stable. 
Table 1.1 summarizes the oxidation states of the actinides (An) and highlights the 
environmentally most relevant ones. Some of the states listed in Table 1.1, such as 
Pa(III) or Pu(VlI), can be synthesized only under extreme conditions, far from 
those found in natural systems. Additional chemical processes occurring in 
solution are likely to influence the actinide's oxidation state stability. The stability 
of Pu(V) in natural waters containing carbonate is an example. The plutonium will 
complex with the carbonate ligands, and if the plutonium concentration is low (less 
than about 10"* M), radiolytically induced redox reactions are minimized. 
Consequently, the stability of Pu(V) is enhanced and its disproportionation to 
Pu(IV) and Pu(VI) is reduced. The solubilities of solids formed from Pu(V) 
Table 1.1. 
Oxidation states of liglit actinides^ 
Th 
ill 
IV 
Pa 
III 
iV 
V 
u 
ill 
IV 
V 
VI 
Np 
III 
IV 
V 
VI 
VII 
Pu 
III 
IV 
V 
VI 
VII 
Am 
III 
IV 
V 
VI 
Cm 
ill 
IV 
Tine environmentally most important oxidation states are bolded. 
complexes are orders of magnitude greater than those of Pu(IV) solids, so the 
enhanced stability of Pu(V) would serve to increase the total plutonium 
concentration in solution. Another example for the stabilization of actinides in 
solution is the oxidation of Am(ni) and Pu(IV) through radiolytic formation of 
oxidizing species, such as peroxide (H2O2) or hypochlorite (CIO). At high actinide 
concentrations and hence under the influence of (its own) alpha radiation, those 
normally stable oxidation states are oxidized to form Am(V) and Pu(VI), 
respectively, especially in concentrated chloride brines. 
Effective charge 
It has been known for many years that An(IV) forms the strongest, most 
stable complexes and An(V) the weakest. This behaviour follows directly from the 
effective charges of the ion. In the III and IV states, the actinides form hydrated 
An^ '^  and An'** ions in solution. In contrast, the highly charged ions in the V and VI 
states are unstable in aqueous solution and hydrolyze instantly to form linear trans-
dioxo cations, An02'^  and An02^*, with overall charges of+1 and +2, respectively. 
These cations are referred to as the actinyl ions. The covalent bonding between the 
actinide and the two oxygen atoms in the actinyl ion (0=An=0)"\ where n = 1 or 
2, enhances the effective charge of the central actinide ion to 2.3 ± 0.2 for An02* 
and 3.3 ± 0.1 for An02 '^' [33]. A ligand approaching the actinyl ion sees this 
enhanced effective charge and bonds directly to the actinide in the equatorial plane 
of the linear actinyl ion. Thus, the preference for actinides to form complexes 
generally follows their effective ion charges, as shown below: 
4+ ^ A „ r v 2 + ^ . 3 + Actinides An > An02 > An "^^  > An02* 
Ion's effective charge +4 +3.3 +3 +2.3 
Formal oxidation states IV VI [i{ y 
Recent measurements of bond lengths in the actinyl ions of V and VI 
complexes reflect the above sequence. A higher effective charge correlates with a 
stronger, hence shorter, bond to the coordinated ligands. Accordingly, the bond 
length of the actinyl bonds increases from about 1.75 A" in the VI oxidation state 
(U = O is 1.76 A"; Pu = 0 is 1.74 A°) to about 1.83 A° in the V oxidation state (Np 
= O is 1.85 A°; Pu = O is 1.81 A"). Because An(IV) has the highest effective 
charge, it forms the most stable complexes in solution and also forms the most 
stable precipitates with the lowest solubility. Conversely, An(V) complexes are the 
weakest, and its solubility-controlling solids are the most soluble. An(V) species 
are therefore the most likely to migrate through the environment. Table 1.1 shows 
that the only transuranics that favour the V state are neptunium and plutonium. But 
in the environments surrounding repository sites, as well as in most groundwaters 
and ocean environments, plutonium will most likely assume the IV state. Thus 
neptunium is predicted to be the most soluble and easily transported actinide and is 
the actinide of major concern. 
Coordination number and ionic radii 
Another fundamental aspect about the actinide cations is that they tend to act 
as hard Pearson acids, which means that they form strong complexes with highly 
anionic ligands by electrostatic interactions. Because the actinide-ligand bond is 
substantially ionic, the number of bound ligands (the coordination number) and the 
relative positions of the ligands around the cation are determined primarily by 
steric and electrostatic principles. Consequently, for a given oxidation state, a 
range of coordination numbers is allowed. Coordination numbers between 6 and 12 
have been reported for complexes of An(III) and An(IV) and between 2 and 8 for 
the actinyl ions. For example, the aquo ions of the actinides, which have only water 
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molecules in the first coordination sphere surrounding the ion, exhibit coordination 
numbers that vary with oxidation state: 8 - 10 for An'''^ , 9 - 12 for An""^ , 4 - 5 for 
An02'^  and 5 - 6 for An02 '^^ . These coordination numbers have been determined 
from nuclear magentic resonance (NMR) and XAFS spectroscopy studies [34-36]. 
Generally, the stabilities of actinide complexes at a given oxidation state increase 
with atomic number. This increase in stability follows the trend of the actinide 
contraction, wherein the ionic radii decrease with increasing atomic number. The 
ionic radii for An(IV) ions with coordination numbers of 8 are reported to be 1.00, 
0.98, 0.96, 0.95, and 0.95 A° for uranium, neptunium, plutonium, americium, and 
curium, respectively [37]. 
Solubility and speciation 
The solubility of an actinide is limited primarily by two properties: the 
stability of the actinide-bearing solid (the solubility-controlling solid) and the 
stability of the complexed species in solution. An actinide species will precipitate 
when its dissolved concentration is above the thermodynamic (equilibrium) 
solubility of its solubility controlling solid, or if the kinetics favours the formation 
of a solid of higher solubility. Formation of the solid sets an upper concentration 
limit for the actinide in solution. 
The solubility data can be obtained by performing experiments in the 
laboratory under well-controlled conditions in which the actinide concentration is 
measured while varying the ligand concentration. Such experiments enable us to 
measure the solubility product, the stability constant and apparent Gibb's free 
energy. These thermodynamic parameters are the basis for modeling the solubility 
boundaries for actinides in natural waters. However, It is necessary to note that 
meaningful interpretation of solubility data requires a detailed knowledge of the 
w 
composition, crystallinity, and solubility of the solubility-controlling solid, along 
with the steady-state concentration and composition of the solution species. Steady 
state is assumed to be established when the actinide concentration remains stable 
for several weeks or longer. But the solubility-controlling solids of the actinides 
generally precipitate as an amorphous phase because radiolysis affects their 
crystallization. Actinide solids may become less soluble with time as they 
transform from their initially formed, disordered structures into ordered crystalline 
solids, thereby lowering their free energy. Such a change, however, may not appear 
for several years. Thus, the solids formed in laboratory experiments may not 
represent the most thermodynamically stable solids with the lowest solubility. 
Laboratory-based solubility studies therefore provide an upper limit to actinide 
concentrations in a potential release scenario from a nuclear waste repository. 
Because of their omnipresence, hydroxide ions (OH") and carbonate ions (COa^ ") 
are the most important ligands that complex to actinides in the environment. While 
other ligands, such as phosphate, sulfate, and fluoride, can lower the actinide 
concentration (because of the low solubility of the corresponding solid phase), 
their concentrations in natural waters are generally low. Consequently, they cannot 
compete successfully with hydroxide or carbonate complexation. However, 
organic biodegradation products, such as humates or fulvates, are generally present 
in natural aquifers and can potentially play a role in actinide solubility and 
migration. 
The use of spectroscopic methods has been made on the largest scale in the 
analytical-inorganic chemistry. However, visible spectrophotometric methods of 
analysis are among the earliest instrumental techniques, but even today they are 
considered to be one of the top ranking methods because of their overall utility. 
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These methods of analysis are based on measuring the absorption of 
electromagnetic radiation by coloured compounds in the visible part of the 
spectrum. If the analytes are colourless, they are converted into coloured 
compounds by reaction with suitable reagent. Thus, these methods of analysis are 
based on the following aspects: 
• complex-formation reaction 
• oxidation-reduction process 
• a catalytic effect 
In the last few decades, the technique has been extensively used for determination 
of the metals. For spectrophotometric methods of analysis, certain requirements 
must be fulfilled which are as follows: 
• application officer's law limit 
• stability of the colour 
• sensitivity, selectivity and reproducibility of the method 
Beer's law relates the absorbance with concentration of the analyte by the 
following expression: 
A=ebC 
Where A is the absorbance, s is the molar absorptivity, b is the path length of the 
absorbing medium (expressed in cm), C is the concentration of the absorbing 
solute (moles/Litre). In a general way, a straight line is obtained on plotting the 
absorbance against the concentration of the analyte. 
In this dissertation, the study of the interaction of U(VI) with meloxicam is 
presented. The reaction between U(VI) and meloxicam leads to the formation of a 
yellow coloured complex, which has been utilized to develop spectrophotometric 
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method for the determination of U(VI). The method is optimized, validated and 
applied to the determination of U(VI) in soil samples. 
METHOD VALIDATION 
To be fit for the determination purpose, the method must meet the 
following validation characteristics. Typical validation characteristics (Table 1.2), 
which should be considered are: selectivity / specificity, linearity, range, accuracy, 
precision, limits of detection and quantitation, robustness / ruggedness. 
Selectivity/specificity 
Selectivty of a method refers to the extent to which it can determine 
particular analyte(s) in a complex mixture without interference from other 
components in the mixture. The terms selectivity and specificity have been used 
interchangeably. The term specific generally refers to a method that produces a 
response for a single analyte only, while the term selective refers to a method, 
which provides responses for a number of chemical entities that may or may not be 
distinguished from each other. If the response is distinguished from all other 
responses the method is said to be selective. Since there are very few methods that 
respond to only one analyte, the term selectivity is usually more appropriate than 
specificity. The International Union of Pure and Applied Chemistry (lUPAC) has 
expressed the view that "Specificity is the ultimate of selectivity". The lUPAC 
discourages the use of the term specificity and encourages the use of the term 
selectivity. 
Linearity 
The linearity is the ability of the method to produce test results which are 
proportional to the concentration (amount) of analyte in samples within a given 
concentration range, either directly or by means of a well-defined mathematical 
14 
Table 1.2. 
Validation characteristics normally evaluated for the different types of test 
procedure and the minimum number of determinations required (if applicable). 
Validation 
characteristics 
Specificity'' 
Linearity 
Range 
Accuracy 
Precision 
Repeatability 
Intermediate 
Precision/ rep-
roducibility'^  
Detection limit 
Quantitation 
limit 
Minimum 
number 
-
5 concentrations 
-
9 determinations 
over 3 concen-
tration levels 
(e.g. 3 X 3) 
6 determinations 
at 100% or 
9 determinations 
over 3 concen-
tration levels 
(e.g.3X 3) 
2-series 
-
-
Test procedure 
Identity 
Yes 
No 
No 
No 
No 
No 
No 
No 
Impurities 
Quantitative 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
No" 
Yes 
Limit 
Yes 
No 
No 
No 
No 
No 
Yes 
No 
Assay" 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
No 
No 
including dissolution, content potency 
'' Lack of specificity of one analytical procedure could be compensated by other 
supporting analytical procedure (s). 
^ Intermediate precision sufficient for submission. 
May be needed in some cases. 
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transformation. Linearity should be determined by using a minimum of six 
standards whose concentration span 80-120% of the expected concentration range. 
The linearity of a method should be established by the inspection of the plot of the 
instrumental response versus the initial concentration of analyte. If there is a linear 
relationship, test results should be evaluated by appropriate statistical methods, for 
example, by calculation of the regression line using least square method. 
Range 
The specified range is derived from the linearity studies. The range of the 
proposed procedure is the interval between the upper and lower concentration 
(amount) of analyte in the sample for which it has been demonstrated that the 
analytical method has suitable levels of precision, accuracy and linearity. 
Accuracy 
The accuracy of a method is defined as the degree to which the determined 
value of analyte in a sample corresponds to the true value. Accuracy may be 
measured in different ways and the method should be appropriate to the matrix. 
The accuracy of an analytical method may be determined by any of the following 
ways: 
• Analyzing a sample of known concentration and comparing the measured value 
to the 'true' value. However, a well characterized sample (e.g. reference 
standard) must be used. 
• Standard addition method. In the standard addition method, a sample is 
assayed, a known amount of pure active constituent is added, and the sample is 
again assayed. The difference between the results of the two assays is 
compared with the expected answer. 
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Precision 
According to International Conference on Harmonisation (ICH), the 
precision is the closeness of agreement (degree of scatter) between a series of 
measurements obtained from multiple sampling of the same homogeneous sample 
under the prescribed conditions and may be considered at three levels: 
• repeatability 
• intermediate precision 
• reproducibility 
Repeatability. Repeatability is the precision obtained by independent test results 
with the same method on identical test material in the same laboratory by the same 
operator using the same equipment within short interval of time. It is also termed 
as intra-assay precision [38]. Sometimes it is also termed as within run or within 
day precision. 
Intermediate precision. Intermediate precision expresses within-laboratories 
variations: different days, different analysts, different equipment etc. The 
International Organization for Standardization (ISO) definitions used the term "M-
factor different intermediate precision" where the M-factor expresses the number 
of factors (reference standard, operator, equipment, laboratory or time) that differ 
between successive determinations [39]. Intermediate precision is sometimes also 
called between-run, between-day or inter-assay precision. 
Reproducibility. Reproducibility is the precision obtained within the same method 
on identical test material in different laboratories with different operators using 
different equipments [40]. 
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Limits of detection and quantitation 
Limit of detection (LOD) determines the lowest amount of analyte that can 
be detected, as it (the analyte) yields instrumental response greater than a blank, 
but cannot be quantified. It is a parameter of "limit test" and expected to produce a 
response, which is significantly different from that of a blank. On the other hand 
limit of quantitation (LOQ) is a parameter of "determination test" and can be 
defined as the lowest concentration of the analyte that can be measured and 
quantified with acceptable precision and accuracy. 
The most common definition of LOD and LOQ is the analyte concentration 
for which the signal exceeds that for a realistic analytical blank by three and ten 
times of the standard deviation, respectively. Several approaches have been given 
in the ICH guidelines to determine the detection and quantitation limits 
(Table 1.3). 
Robustn ess/ru gged n ess 
The "robustness / ruggedness" of an analytical procedure is defined [41] as a 
measure of its capacity to remain unaffected by small, but deliberate variation in 
method parameters and provides an indication of its reliability during normal 
usage. Ruggedness is a measure for the susceptibility of a method to small changes 
that might occur during routine analysis like small changes of pH values, mobile 
phase composition, temperature etc. Full validation must not necessarily include 
ruggedness testing; it can, however, be very helpful during the method 
development / prevalidation phase, as problems that may occur during validation 
are often detected in advance. Ruggedness should be tested, if a method is 
supposed to be transferred to another laboratory. 
Table 1.3. 
Approaches for determining the detection and quantitation 
Approach Detection limit Quantitation limit 
Visual evolution 
Signal-to-noise 
Standard deviation of 
the response (So)^  and 
the slope(b) 
Minimum level detection 
3:lor2:l 
3.3 X (So)/b 
Minimum level quantifiable 
10:1 
10.0 X (So)/b 
^Standard deviation of the blank, residual standard deviation of the calibration line, 
or standard deviation of the intercept. 
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STATISTICAL ANALYSIS 
Recent trend in the determination of metal emphasizes the use of statistical 
analysis for evaluation of the method performance which includes parameters like 
correlation coefficient, variance, errors and confidence limits, limit of detection 
and sensitivity, standard deviation, '/' and 'F ' values, standard deviation of slope 
and intercept etc. [42, 43]. A brief discussion is given here. 
Correlation coefficient 
When using instrumental methods, it is necessary to carry out a calibration 
process by using a series of samples (standard) each having a known concentration 
of analyte. Two statistical procedures should be applied to the calibration curve: 
• Test whether the graph is linear or in the form of a curve 
• Find the best straight line (or curve) through the data points 
Linearity is judged by correlation coefficient, 'r', which can be calculated for 
a calibration curve to ascertain the degree of correlation between the measured 
instrumental variable and the sample concentration. 
r = 
where 
x= mean of all the values of x, 
y = mean of all the values of y. 
n = number of data points 
The maximum value of r is 1. When this occurs there is exact correlation 
between the two variables (x and y). When the value of r is zero (xy = 0), there is 
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complete independence of the variables. The minimum value of r is -1, indicates 
that the assumed dependence is opposite to what exists. As a general rule, 0.90 < r 
< 0.95 indicates a fair curve, 0.95 < r < 0.99 as a good curve, and r > 0.99 includes 
excellent linearity. 
Linear least squares 
The best straight line through a series of experimental points is that line for 
which the sum of the squares of the deviation of the points from the line is 
minimum. Besides, determining a straight line, uncertainties in the use of 
calibration graph for analysis of unknown samples can be specified by this method 
of least squares. The equation of the straight line is 
A = a + b C 
Where 
A = instrumental response (i.e. absorbance) 
b = slope 
a = intercept 
C = concentration of the standards 
To obtain the regression line A on C, the slope 'b' of the line and the 
intercept 'a' on the y-axis are given by the following equations: 
i:x;-[(Ix,)Vn] 
a = y-bx 
Errors in the slope and the intercept 
So-^ny,-yy-Krj-2) 
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where y values are obtained from calculated regression line for given values of x; 
once the value So has been obtained, both the standard deviations of the slope Sb 
and the intercept Sa can be obtained from the following equations 
S„=5jZx,^/nE(x,-xy 
Error in the concentration 
" b 
l.i.. (y-yy 
n yi^ix-xY 
1/2 
where x and y are the average concentration and absorbance values, respectively, 
for 'n' standard solutions. 
Confidence limit for the slope and intercept 
It determines whether the slope and/or intercept of a line differ 
significantly from a particular or predicted value. It can be calculated [44] in the 
following manner: 
• b±/Sb (forslope) 
• a±/Sa (for intercept) 
where / = tabulated 't' value at desired confidence level for (n-2) degrees of 
freedom. 
Equivalence testing 
An important property of an analytical method is that it should be free 
from the systematic error (bias). Determining bias involves analyzing one or more 
standard reference materials whose analyte concentration is known. However, 
random errors make it unlikely that, the measured amount will equal to the known 
amount even when no systematic errors are present. In order to decide whether the 
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difference between the observed and standard values can be accounted for by 
random variation, a statistical test i.e. a significance test is used for the 
interpretation of analytical data. 
• Student's t-test. Here comparison is made between two sets of replicate 
measurements made by two different methods; one is the test method while 
other is accepted (reference method). 
±r = 
X , - X , /7|A7 
' 1"2 
s, V",+"2 
where 
jc, = mean from the test method 
x^ - mean from the accepted (reference) method 
ni and n2 = number of measurements 
Sp = pooled standard deviation of the individual measurements of two sets is given 
by 
5„ 
A statistical r-value is calculated and compared with a tabulated value for 
the given number of tests at the desired confidence level. \f t^^\ > /,ai, then there is 
significant difference between the results obtained by the two methods at the ojven 
confidence level, but if/cai < /tab then there is no significant difference between the 
methods. It is an accuracy-indicating test. 
• F-Test. This test indicates whether there is a significant difference between 
the two methods (i.e. the new method and the accepted reference method). It 
can be represented as: 
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s-
where 5, > S ' 
If Fcai> Ftab at the selected confidence level, then there is a significant 
difference between the variances of the two methods. 
Interval hypothesis 
For a method, a bias of ± 2.0 % is acceptable [45] and can be calculated 
statistically [46] using the following quadratic equation: 
where x, and x, are the means of methods 1 and 2, based on ni and nj 
measurements, respectively. Sp is the pooled standard deviation and /tab is the 
tabulated one sided /-value, with n, + n, - 2 degrees of freedom at the specified 
level of significance. 
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CHAPTER-2 
Optimized and validated spectrophotometric method for the 
determination of uranlum(VI) via complexatlon with meloxicam 
•aHBBBIpiillBa 
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1. INTRODUCTION 
There has been a renewed interest in low-cost rapid techniques for measuring 
actinides and other heavy metal elements in environmental water [1,2]. One uranium 
species of interest is the uranyl ion, U02^ "^  which is stable, highly soluble and mobile in 
aqueous phase. Uranyl ion can be found in soils and in low pH-water run off in and 
around nuclear waste sites and processing facilities. The uranyl unit consists of a 
uranium centre with a formal charge of +6 coordinated to two double bonded oxygen 
atoms for a linear dioxo cation. This unit is highly stable and binds to other ligands via 
the formation of U-0 bonds in a plane perpendicular to the axis of the uranyl ion. 
There are various techniques such as thin layer chromatography [3], gravimetry 
[4], titrimetry [5], fluorimetry [6,7], potentiometry [8], polarography [9], X-ray 
fluorescence [10], inductively coupled plasma mass spectrometry [11] and 
spectrophotometry [12-18] for the determination of uranium. The method based on 
gravimetry requires absence of or prior separation of interfering elements. Volumetric 
method involves multiple steps and the use of many reagents. Fluorimetry being a 
sensitive technique is applicable to low levels of uranium. Electroanalytical techniques 
in general are not preferred on a routine basis. X-ray fluorescence, a wavelength 
dispersive method is not sensitive enough for the estimation at low levels and is cost 
effective. Spectrophotometry is increasingly employed in process control owing to its 
simplicity and adaptability. Most of the reported spectrophotometric methods are 
tedious and time consuming because they involve prior separation of uranium from 
impurities by solvent extraction and reduction of Fe(III) to Fe(II) to avoid interference 
followed by the addition of chromophoric reagents such as thiocyanate [19], hydrogen 
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peroxide [20], hexacyanoferrate(Il) [21] and malachite green [22] to the organic phase. 
Therefore, there is need for a simple and selective spectrophotometric method for the 
determination of uranium in the presence of some other metal ions. The proposed 
method is based on the reaction of uranyl ion with meloxicam in 1,4-dioxan-water 
medium to form a yellow coloured complex which absorbs maximally at 398 nm. 
2. EXPERIMENTAL 
2.1. Materials 
A Spectronic 20D* spectrophotometer (Milton Roy, U.S.A.) with matched glass 
cells was used for all spectral and absorbance measurements. An Elico model Li-10 pH 
meter was used to measure pH of the solutions. 
2.2. Standard solutions 
All chemicals used were of analytical or pharmaceutical grade. 
• 0.05% uranyl nitrate hexahydrate (CAS: 13520-83-7, Fluka Chemie AG, Darmstadt, 
Germany) was prepared in distilled water. 
• 0.05% meloxicam (CAS: 71125-38-7, Merck, USA) was prepared in 1,4-dioxan. 
2.3. Recommended procedure for the determination of uranyl ion 
Aliquots of 0.1 - 1.2 mL of standard uranyl nitrate hexahydrate solution (0.05%) 
were pipetted into a series of 10 mL standard volumetric flasks. Then 1.8 mL of 0.05% 
meloxicam solution was added in each flask and diluted to 10 mL with distilled water. 
The contents of each flask was mixed well at room temperature (25 ± 1°C) and the 
absorbance was measured at 398 nm against the reagent blank prepared similarly within 
the stability time period of Iday. The concentration of uranyl ion was calculated either 
from a calibration curve or regression equation. 
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2.4. Study of interferences of metal ions 
To study the interferences of metal ions on the determination of uranyl ion, 
varying amounts of different metal ions such as Na"^ , Mg "*", Ca ^, Ni^ "^ , Mn^ "" and Zn^ "^  
were mixed with 450 jig of uranyl ion in 10 mL standard volumetric flask and 
determined by the proposed procedure. 
2.5. Determination of uranyl ion in soil 
Each digested soil sample of our locality was analyzed for uranium but tested 
negative. Therefore, air-dried soil samples (500 mg) with 50 mg of uranyl nitrate 
hexahydrate were placed in a closed platinum crucible. The sample was digested with 2 
mL of H2SO4 following the method recommended by Hughes and Carswell [23]. The 
content of the crucible was cooled and transferred it to ice-cold water. The mixture was 
stirred until all the soluble matters had dissolved and then filtered through Whatmann 
No. 42 filter paper (Whatmann International Limited, Kent, UK) in 100 mL standard 
volumetric flask and was diluted up to the mark with distilled water. 20 ml of this 
solution was percolated through the column packed with Amberlite IR 400. The column 
was washed with O.IM H2SO4 to remove unadsorbed species. The uranyl ion was eluted 
with 2M H2SO4 at a flow rate of 2 mL per minute. After evaporation 10 mL of distilled 
water was added. The pH of the solution was adjusted to 4 by the addition of ammonia 
and the final volume of the solution was maintained to 20 mL. The concentration of 
uranyl ion was determined by the proposed procedure and the reference method [19]. 
2.6. Procedure for reference method [19] 
Into a series of 25 mL standard volumetric flasks, different volumes (0.125-1.5 
mL) of 0.1% uranyl nitrate hexahydrate were pipetted. To each flask, 10 mL of 0.2 N 
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HCl, 2.0 mL of 10% SnCb^HjO in 1.16 N HCl, 7 mL of 6.57 M NH4SCN and diluting 
to volume with distilled water. The absorbance was measured at 365 nm against the 
reagent blank prepared similarly except uranyl nitrate hexahydrate. The amount of the 
uranyl ion in a given sample was computed from the calibration graph or linear 
regression equation. 
2.7. Determination of stoichiometry 
The stoichiometry of the reaction was studied by Job's method of continuous 
variations. For this, different volumes (0, 0.2, 0.4, 0.6, 0.8 1.0, 1.2, 1.4, 1.6, 1.8, 2.0 
mL) of 1.42 X 10"-^  M uranyl nitrate hexahydrate was added with different volumes (2, 
1.8, 1.6, 1.4, 1.2, 1.0, 0.8, 0.6, 0.4, 0.2, 0 mL) of 1.42 x 10"' M meloxicam and diluted 
to volume with distilled water in 10 mL standard volumetric flask. The absorbance was 
recorded at 398 nm and was plotted against the mole fraction of uranyl nitrate 
hexahydrate. 
2.8. Validation 
The proposed method has been validated for accuracy and precision, linearity, 
selectivity, recovery, limits of detection and quantitation. 
2.8.1. Accuracy and precision 
The accuracy and precision of the proposed method was evaluated by replicate 
analysis (n = 5) of calibration standards at three concentration levels, i.e. 15, 30 and 60 
[ig/mL. Five sample solutions of each concentration were analyzed within one day 
(intra day precision) and in five consecutive days (inter day precision). 
2.8.2. Linearity 
The linearity of the proposed method was investigated by replicate analysis (n = 
5) at nine concentration levels, i.e. 5, 10, 15, 25, 30, 40, 45, 50, and 60 ^g/mL. The 
absorbance obtained at each concentration was plotted against the initial concentration 
of uranyl nitrate hexahydrate and the linear regression equation was evaluated by 
statistical treatment of calibration data. The other regression characteristics were 
calculated using Origin Software. 
The limits of detection and quantitation were calculated using the relations: 
IO/) = 3 . 3 x ^ (1) 
h 
and 
LOQ = \0x^ (2) 
h 
where So and b are the standard deviation and the slope of the calibration line, 
respectively. 
2.8.3. Selectivity 
The selectivity of the proposed method was evaluated by determining the 
concentration of uranyl ion in the presence of various metal ions such as Na^, Ca^ "^ , 
Mg^^Ni^\Mn^^andZn^". 
2.8.4. Recovery experiments 
The recovery of uranyl ion from synthetic mixture sample was estimated by the 
standard addition method. For this purpose, 4 mL (or 8 mL) of sample solution was 
spiked with 1, 2, 3 and 4 mL of reference standard solution (0.5 (ig/mL) in a 100 ml 
standard volumetric flask and the mixture was diluted up to the mark with distilled 
water. Each level was repeated 5 times. The nominal value was determined by the 
proposed procedure. 
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2.8.5. Robustness 
The robustness of the proposed method relative to each operational parameter was 
judged by analyzing the content of uranyl ion in synthetic mixture sample. A synthetic 
mixture sample solution containing 50 |.ig/mL of uranyl nitrate hexahydrate was assayed 
five times using the proposed method. Mean percentage recovery and relative standard 
deviation were calculated by standard methods. 
2.8.6. Evaluation of bias 
The point and interval hypothesis tests have been performed to compare the 
results of the proposed method with those of the reference method at 95% confidence 
level. The bias was evaluated by an interval hypothesis test based on the mean values of 
the proposed method (method 1) and the reference method (method 2). The test method 
is considered acceptable when its true mean is within ± 2.0 % of that of the reference 
method using the following quadratic equation [24]: 
^H?-K^-''"' ''"i)+ ^ (-2^^) + (^ -SllJ In, ]= 0 
3. RESULTS AND DISCUSSION 
A yellow coloured complex with maximum absorption at 398 nm was obtained 
(Fig. 2.1) when uranyl ion was allowed to react with meloxicam in 1,4-dioxan-water 
medium while the meloxicam in 1,4-dioxan-water medium did not show any 
absorbance at 398 nm. The reaction was carried out at 25 ± T'C and the absorbance of 
the coloured complex was measured immediately at 398 nm. Therefore, the absorbance 
measurement as a function of initial concentration of uranyl ion was utilized to develop 
a rapid and selective spectrophotometric method for the determination of uranium(V]). 
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0.55 
380 390 400 410 420 430 
Wavelength (nm) 
440 450 
Fig. 2.1. Absorption spectrum of coloured complex: 500 )^ g uranyl nitrate hexahydrate + 
1.8 mL of 1.42 x 10" M meloxicam in 1,4-dioxan. The mixture was diluted to 1,0 mL with 
distilled water. 
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3 J. Stoichiometry 
The stoichiometry was estabhshed by Job's method of continuous variation. This 
is due to the interaction of uranyl ion with meloxicam at 398 nm. The plot of 
absorbance versus mole fraction of uranyl ion has confirmed that one mole of uranyl ion 
reacted with 1 mole of meloxicam (Fig. 2.2). Therefore, it is apparent from the figure 
that the combining molar ratio between uranyl ion and meloxicam is 1:1. The apparent 
o 
formation constant and standard Gibbs free energy (AG) were calculated and found to 
be 3.91 X 10^  and - 31.91 kJ mol'', respectively. 
3.2. Mechanism 
The affinity of piroxicam for metal ions was investigated and found that 
piroxicam chelates with some cations to form metal ligand complexes [25,26]. In the 
similar manner meloxicam chelates with uranyl ion via P-diketone moiety to form a 
yellow coloured complex which absorbs maximally at 398 nm. Therefore, based on the 
literature background [25,26] and our experimental findings, the reaction mechanism 
was proposed and is given in Fig. 2.3. 
3.3. Optimization 
The concentration of meloxicam used for method development was optimized by 
performing a series of experiments. The influence of the volume of 1.42 x i Q"^  M 
meloxicam on the absorbance of the colour developed at constant uranyl nitrate 
hexahydrate concentration (45.0 ^g/mL) was examined in the range 0.1 - 2.2 mL of 
1.42 X IQ-^  M meloxicam. It is clear from Fig. 2.4 that the maximum absorbance 
was 
attained with 1.4 mL of 1.42 x 10"^  M meloxicam; above this volume upto 2.2 mL, the 
0.0 4 
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 
Mole fraction of uranyl nitrate hexahydrate 
Fig. 2.2. Job's method of continuous variations of uranyl nitrate hexahydrate-
meloxicam complex 
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Step I 
U02(N03)2 6H2O 2-U O / + 2NO3 + 6H,0 
Step 2 
OH O N 
0 
Meloxicam 
Step 3 
/ % """ ' 
UO,^ "" + 
l,4-dioxan-H20 
medium 
At 25 "C 
O 
/ % ~^^2 
—1 + 
Coloured species 
Fig. 2.3. Reaction mechanism 
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Volume of 1.42 X 10" M meloxicam (mL) 
Fio. 2.4. Effect of the volume of 1.42 x 10"' M meloxicam. 
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absorbance remained unchanged. Therefore, 1.8 mL of 1.42 x 10" M meloxicam was 
used in all further measurements. 
3.4. Validation 
3.4.1. Accuracy and precision 
The accuracy and precision of the proposed method was evaluated at three 
concentration levels: 15, 30 and 60 ng/mL. The results of the analysis are summarized 
in Table 2.1. It is evident from the table that % recovery and relative standard deviation 
were in the range of 99.91 - 100.82 % and 0.32 - 1.59 % for the proposed method. 
These results indicated that there is a satisfactory recovery with low values of %RSD. 
3.4.2. Linearity 
The calibration curve was constructed by plotting absorbance against initial 
concentration of uranyl ion for the proposed method. Beer's law was obeyed in the 
concentration range of 5 - 60 ^g/mL with apparent molar absorptivity and sandell's 
sensitivity of 5.02 x lO'' L/mol/cm and 0.1 ).ig/cm / 0.001 absorbance unit, respectively. 
The calibration data was fitted to the equation, A = a + bC, where A is the absorbance at 
relevant Xm^^; C is the concentration in ^g/mL; b is the slope and a is the intercept of 
calibration. The regression parameters are summarized in Table 2.2. The high value of 
correlation coefficient (0.9999) for the proposed method indicated excellent linearity. In 
order to verify that the proposed methods are free from procedural error, the 
experimental intercept of the calibration line was tested for significance of the deviation 
from the theoretical intercept i.e. zero. For this justification, the values of t-calculated 
from the relation, t = a / Sa [27] was found to be 1.524, which did not exceed the 
theoretical t-value (2.365) at 95% confidence level. This indicated that the intercept for 
the proposed method is not significantly different from zero. 
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Table 2.1 
Test of accuracy and precision of the proposed method 
Parameters 
Concentration taken (fig/mL) 
Concentration found (|ig/mL) 
Standard deviation" (p-g/mL) 
Recovery (%) 
Relative standard deviation (%) 
Standard analytical error (%) 
Confidence limit'' 
Intra day assay 
15.00 
15.02 
0.16 
100.11 
1.06 
0.07 
0,20 
30.00 
30.25 
0.24 
100.82 
0.78 
0.11 
0.29 
60.00 
60.27 
0.20 
100.44 
0.32 
0.09 
0.24 
inter day 
15.00 
15.10 
0.24 
100.64 
1.59 
0.11 
0.30 
assay 
30.00 
30.07 
0.27 
99.91 
0.90 
0.12 
0.33 
60,00 
59.95 
0.27 
100.22 
0.46 
0,12 
0,34 
"Mean for five independent determinations. 
''Confidence limit at 95% confidence level and four degrees of freedom (t = 2,776). 
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Table 2.2 
Regression characteristics of analytical data of tiie proposed and reference metiiods 
Parameters 
Wavelength (nm) 
Beer's law limit (|xg/mL) 
Molar absorptivity (L/mol/cm) 
Sandell's sensitivity 
Linear regression equation 
±tSa 
±tSb 
Correlation coefficient (r) 
Variance (So^ ) of calibration line 
Detection limit (f.ig/mL) 
Quantitation limit ().ig/mL) 
Proposed method 
398 
5.0-60 
5.02 X 10^  
0.1 ng/cmV 0.001 
absorbance unit 
A= 1.140 X 10"' + 
9.98xl0"-C 
1.770 X 10--' 
4.929 X 10-' 
0.9999 
1.254 X 10-^ ' 
0.37 
1.12 
Reference method 
365 
5.0-60 
6.25 X 10' 
-
A = 7.153 X 10"^ 
7.48 X 10-'C 
4.600 X 10-' 
1.277 X 10"'' 
0.9998 
6.200 X 10' 
1.10 
3.33 
±t Sa and ±t Sb are confidence limits for intercept and slope, respectively. 
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The error (Sc) [28] in the determination of a given concentration of uranyl ion (C) 
was calculated using statistical analysis of the calibration data and was shown 
graphically (Fig 2.5) by plotting Sc versus concentration of uranyl ion ((ag/mL). It is 
evident from the graph that the error is reached minimum at about 31.10 )ig/mL of 
uranyl ion, thus confirming the level of precision in the range of concentrations 
examined. The value of Sc also allowed establishing the confidence limit at the selected 
value of significance for the determination of unknown concentrations by using the 
relation, Cj ± tSc The results are shown in Fig. 2.6 by plotting uncertainty (% AC/C) 
versus the concentration of uranyl ion (f.ig/mL) at 95% confidence level for n-2 degrees 
of freedom. Thus, the confidence limit can be established and the relative uncertainty 
can be achieved directly on the concentration over the full range of the concentration 
tested. 
3.4.3. Selectivity 
Table 2.3 shows that the method is selective for the determination of uranyl ion in 
the presence of specified metal ions. However, the method was found to be less 
selective in the presence ofCd^',Zr^',Fe^",Al^'andCu^'. 
3.4.4. Recovery 
The accuracy of the proposed method was also tested by performing recovery 
experiments through the standard addition method. The recovery was evaluated either 
by dividing the intercept by the slope value of the line of linear regression of the 
standard addition method or by the extrapolation of the same line of best fit (Fig. 2.7, 
Table 2.4). It is evident from Table 2.4 that the linearity of the regression line of the 
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W 
0.134 
0.132 
0.130 
0.128 
0.126 -
0.124 -
0.122 
0.120 
0.118 -
0.116 
10 20 30 40 50 
Concentration of uranyl ion (jag/mL) 
60 70 
Fig. 2.5. Error (Sc) in the determination of uranyl ion. 
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O 
O 
Concentration of uranyl ion (|ig/mL) 
Fig. 2.6. Plot of percentage uncertainty versus the concentartion of uranyl ion at 95% 
confidence limit. 
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Table 2.3 
Tolerance limit for different type of metal ions 
Metal ions Added as Tolerance limit (mg) per 45 f^ ig/mL 
Na^ 
Mg^ ^ 
Ca^ ^ 
Ni^ ^ 
Mn'^ 
Zn^ ^ 
NaCl 
MgCl2.6H20 
Ca(N03)2.4H20 
NiCl2.6H20 
MnCl2.4H20 
ZnSO4.5H20 
0.125 
0.100 
0.125 
0.100 
0.015 
0.015 
46 
-45 -40 -35 -30 -25 -20 - 1 5 - 1 0 - 5 0 
- ^ — Nominal concentration (|.ig/mL) Spiked 
1 \ r 
10 15 20 25 30 
Fig. 2.7, Plot for the recovery evaluation of uranyl ion through standard addition method: (a) 20 
and (b) 40 |ig/mL. 
Table 2.4 
Recovery results of uranyl ion 
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Concentration (|ig/mL) Proposed method 
Sample Standard Amount Recovery" 
Taken Added Found (%) 
(Hg/mL) 
Reference method 
Found Recovery" 
(Hg/mL) (%) 
Paired 0^' 
t - & F -
values'' 
20.0 0,5,10,15, 19.93 99.64 
20 
40.0 0,5,10,15, 40.12 100.30 
20 
60.0* - 59.95 99.91 60.04 100.06 t = 0.239 
F= 1.555 0.981 
•Synthetic mixture contains: 60 i^g/mL of uranyl ion with Na^ (0.0125 mg/mL), Mg^ ^ (0.0 
2+ :2+ 2+ 
mg/mL), Ca' (0.0125 mg/mL), Ni' (0.01 mg/mL), Mn'" (0.0015 mg/mL) and Zx\^ (0.0015 
mg/mL). 
.016 
" Mean for five independent analyses. 
''Theoretical /- (v= 8) and F-values {v=^,^)^X 95 % confidence level are 2.306 and 6.39, 
respectively. 
"^A bias, based on recovery experiments, of ± 2% is acceptable. 
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standard addition method was good. The attractive feature of the method is its relative 
freedom from other metal ions present in the synthetic mixture sample. 
3.4.5. Robustness 
The robustness of the proposed method relative to the concentration of meloxicam 
was closely monitored. The concentration of meloxicam examined was as follows: 
• 1.42 X lO'^ M meloxicam, 1.8 mL (± 0.4 mL). 
The robustness of the proposed method was judged by analyzing uranyl ion contents in 
synthetic mixture sample under deliberate small changes in experimental conditions. 
The results showed that the mean % recovery ± RSD was found to be 99.91 ±0.15 for 
the proposed method. 
3.4.6. Evaluation of bias 
The proposed method has been secessfully applied to the determination of uranyl 
ion in synthetic mixture sample. The results obtained by the proposed method were 
compared to those of the Currah's spectrophotometric method [19] using point and 
interval hypothesis tests. The results (Table 2.5) show that the Student's /- and F-
values at 95% confidence level are less than the theoretical values, which confirmed 
that there is no significant difference between the performance of the proposed method 
and the reference method. The interval hypothesis test has also confirmed that no 
significant difference exists between the performances of the methods compared, as the 
true bias of all synthetic mixture sample is < ±2.0 %. 
The performance of the proposed procedure is also judged by the analysis of soils 
taken from different locations. The results are compared with those obtained by the 
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Table 2.5 
Determination of uranyl ion in soil samples 
Sample 
Soil 1 
Soil 2 
Soils 
Proposed method 
Recovery (%) RSD (%) 
99.10 1.10 
98.20 1.40 
98.65 1.22 
Reference method 
Recovery (%) 
98.95 
98.60 
99.15 
RSD (%) 
1.35 
1.50 
1.15 
50 
reference method. Table 2.5 shows that the resuhs were in good agreement with the 
reference method [19]. The performance of the proposed method was compared with 
that of other existing UV-visible spectrophotometric methods (Table 2.6). It is clear 
from the table that the proposed method is simple and requires less time to complete the 
analysis. The proposed method has the advantage of using one reagent i.e. meloxicam 
and comparable sensitivity. The method is versatile, accurate and useful due to high 
tolerance limits from cations and anions. 
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Table 2.6 
Comparison of the proposed me 
the determination of uranyl ion 
Reagents 
8-Quino!inol 
4-(2-pyridylazo)resorcinoi 
Chromazurol S 
anthranilic acid and 
rhodamine 6G 
p-Carboxychlorophosphonazo 
SnClj.HiO and NH4SCN 
Meloxicam 
;thod w 
(nm) 
380 
530 
625 
575 
714 
365 
398 
ith existing UV 
Beer's law 1 
(|ig/mL) 
2-40 
0-7 
0-2 
0.04 - 4 
4-12 
5-60 
5-60 
-visi 
imit 
ble spectrophotometric methods for 
Molar 
absoptivity 
(L/mol/cm) 
1.50 X 10" 
3.87 X lO"* 
9.9 X 10' 
6.25 X 10" 
1.78 X 10' 
6.25 X 10^  
5.02 X 10^  
Analysis 
time (min) 
10 
15 
15 
15 
immediately 
immediately 
immediately 
at 25 ± I T 
References 
[i2r 
[13] 
[14] 
[15] 
[17] 
[19]" 
This work 
a. Extractive method. 
b. Reference method. 
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